Copper and titanium remain relatively plentiful in earth crust. Therefore, using them in solar energy conversion technologies are of significant interest. In this work, cuprous oxide (Cu2O)-modified short TiO2 nanotube array electrode was prepared based on the following two design ideas: first, the short titania nanotubes obtained from sonoelectrochemical anodization possess excellent charge separation and transportation properties as well as desirable mechanical stability; second, the sonoelectrochemical deposition technique favours the improvement in the combination between Cu2O and TiO2 nanotubes, and favours the dispersion of Cu2O particles. UV-Vis absorption and photo-electronchemical measurements proved that the Cu2O coating extended the visible spectrum absorption and the solar spectrum-induced photocurrent response. Under AM1.5 irradiation, the photocurrent density of the composite electrode (i.e. sonoelectrochemical deposition for 5 min) was more than 4.75 times as high as the pure nanotube electrode. Comparing the photoactivity of the Cu2O/TiO2 electrode obtained using sonoelectrochemical deposition with others that synthesized using plain electrochemical deposition, the photocurrent density of the former electrode was ~2.2 times higher than that of the latter when biased at Cuprous oxide (Cu2O) is a semiconductor having a direct band gap of 2.0 eV, which has been studied previously for application in solar energy converting devices [9] . A major attraction of Cu2O is that it is an inexpensive, non-toxic and readily available material. However, semiconductor materials with band gap suitable for capturing a significant fraction of incident solar
From the view point of TiO2, the highly ordered TiO2 nanotube array (TNA) obtained from the anodization of titanium in HF or [F - ]-based electrolyte can reduce the scattering of free electrons and enhance electron mobility [15] , which offers the potential for improved electron transport leading to higher photocatalytic efficiency. Therefore, the coupled Cu2O/TNA photoanode might facilitate kinetic separation of photogenerated charges and decrease the recombination rate within the electrode materials [16, 17] . However, the structural parameters (i.e. tube length and tube diameter) of the TNA film directly influence the transport resistance of photogenerated electrons and the recombination rate among photogenerated charges as well as the practical engineering application of electrode materials. Literatures [18, 19] have also demonstrated that the increase in length of nanotubes may not contribute positively to the photoelectrochemical performance of electrode materials. Recently, a short TNA (referred as STNA) film electrode prepared via sonoelectrochemical anodization route (anodization under irradiation of ultrasonic wave) was reported by our group [20] . Compared with the long nanotubes synthesized by conventional magnetic agitation technique [15, 21] , the STNA electrode shows excellent charge separation and transfer properties and desirable mechanical stability.
As for Cu2O, the combination of Cu2O with nanotube layer and the morphological structure of Cu2O were significantly affected by the Cu2O preparation pathways. To date, Cu2O can be fabricated by many different techniques including thermal, anodic and chemical oxidation as well as reactive sputtering [22] .
Among these different synthesis techniques, the electrochemical deposition technique offers the simplest and most controllable way of synthesizing Cu2O/TNA electrodes [23] . However, obtaining a composite electrode with better quality, evenly dis- Based on the above design ideas and our previous work [19] [20] [21] [24] [25] [26] , an efficient photoelectrochemical photoanode (Cu2O-decorated STNA) was prepared via sonoelectrochemical anodization and sonoelectrochemical deposition (SED, electrochemical deposition under ultrasonic wave irradiation) methods in this work. To our best knowledge, no study has been reported to date regarding the application of SED technique into fabrication of Cu2O/TiO2 composite electrode. In our research, the detailed synthesis process, characterization, and photo-electrochemical property testing for this composite catalyst were also discussed. 
Experiments Materials

Preparation of STNA
The detailed methodology of the preparation of short, robust and highly-ordered titania nanotube array have been published in our previous work (see Fig. S1 in Supplementary Information) [20] . The anodized samples were then rinsed with DI water and dried in air. Subsequently, the as-prepared STNA samples were crystallized by annealing in air atmosphere for 3 h at 450℃ with heating and cooling rate of 1℃/min.
Cu2O sonoelectrochemical deposition
The Cu2O/STNA was synthesized by the sonoelectro- 
Characterization
The surface morphology of the samples was characterized with a field emission scanning electron microscope (PHILIPS, Netherlands, Sirion200) equipped with an energy dispersive X-ray spectroscopy (OXFORD, U.K.). An X-ray diffractometer (BRUKER, AXS-8, and ADVANCE) was used to determine the crystalline structure of the samples. The composition of the samples was analyzed with an X-ray photoelectron spectroscopy (Kratos, Axis Ultra DLD, Al Kα radiation). Light absorption properties of the electrode materials were measured using a UV-Vis diffuse reflectance spectrum (TU-1901, Beijing Purkinje General Instrument Co., Ltd).
Apparatus and methods
The photoelectrochemical experiments were performed in a rectangular shaped quartz reactor (20×40×50 mm) using a threeelectrode system with a platinum foil counter electrode, a saturated Ag/AgCl reference electrode and a TiO2 work electrode.
The supply bias and work current were controlled using a CHI electrochemical analyzer (CHI 660C, CH Instruments, Inc., USA The stability of the composite electrode was examined by potentiostatic (current vs. time, I-t) measurements. Figure 7 shows the I-t curves obtained from the Cu2O/STNA electrode at two different bias potentials under visible-light illumination.
Results and discussion
Upon switching off the light, the photocurrent density goes down to zero; whereas the photocurrent increases rapidly to the original value when under illumination again. This indicates that the current observed for this system is mainly due to the photoreactivity of the catalyst and the charge transfer within the composite electrode is very fast. Moreover, composite electrode exhibits excellent reproducibility of the I-t curves.
Conclusions
In conclusion, surface modification of STNA using facile sonoelectrochemical technique can successfully fabricate an 
